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Abstract 

The  objective  of  this  study  was  to  evaluate  the  performance  and  persistence  of 
1 1  cool-season  grasses  growing  in  well-drained  fill  materials.  Grasses  were 
evaluated  over  a  four-year  period  and  grown  on  fill  material  containing  1 1  % 
gravel,  61  %  sand,  27%  silt  and  1  %  clay  at  the  Franklin  Fails  Dam  in  Franklin, 
N.H.  During  the  second  season,  half  of  each  plot  was  refertilized.  Visual 
observations  of  the  sown  grasses  suggested  that  moisture  stress  was  an 
important  factor  limiting  growth.  During  the  last  two  years  of  study,  the  most 
persistent  species  were  Jamestown  chewings  fescue  ( Festuca  rubra  L.  ssp. 
commutataGa ud.)  and  Canada  bluegrass  ( Poa  compressa  L.).  Refertilization 
helped  to  promote  growth  and  increase  persistence  of  all  the  sown  species 
exceptfor  Jamestown  chewings  fescue.  Three  improved  varieties  of  the  grasses 
were  not  consistently  more  persistent  than  their  common  counterparts.  This 
study  demonstrates  that  there  are  major  differences  among  cool-season 
grasses  in  their  ability  to  tolerate  well-drained,  low-maintenance  sites.  When 
refertilized,  varieties  of  tall  fescue  ( Festuca  arundinaceaScbreb .)  and  Kentucky 
bluegrass  (Poa  pratensis  L.)  were  more  persistent,  and  a  perennial  ryegrass 
(Lolium  perenne  L.)  provided  rapid  emergence. 


For  conversion  of  SI  metric  units  to  U.S./British  customary  units  of  measurement 
consult  Standard  Practice  for  Use  of  the  International  System  of  Units  (SI),  ASTM 
Standard  E380-89a,  published  by  the  American  Society  for  Testing  and  Mater¬ 
ials,  1916  Race  St.,  Philadelphia,  Pa.  19103. 
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Selection  of  Cool-Season  Grasses  for 
Revegetating  Well-Drained  Fill  Materials 

ANTONIO  J.  PALAZZO 


INTRODUCTION 

Cool-season  grasses  are  widely  recommended  for 
revegetating  low-maintenance  sites  in  the  northeast 
United  States.  Low-maintenance  sites  in  cool, 
humid  areas  usually  consist  of  large  acreages  along 
highways  (Wakefield  et  al.  1974),  sand  and  gravel 
borrow  areas  (USDA-SCS  1980),  mined  lands 
(Paone  et  al.  1978)  and  Army  training  lands.  Evalu¬ 
ation  of  cool-season  grasses  for  revegetating  low- 
maintenance  sites  is  necessary  because  these  grass¬ 
es  were  bred  primarily  for  lawns  and  pastures, 
which  typically  have  higher  nutrient-  and  moisture¬ 
holding  capacities  than  most  low-maintenance  sites. 

Plants  grown  on  fill  materials  low  in  fertility  do 
not  establish  stands  as  well  as  when  topsoil  or 
other  soil  amendments  are  used  (Wakefield  et  al. 
1974,  Hansen  and  Mitchel  1978,  Palazzo  et  al.  1980). 
The  frequent  lack  of  establishment  success  has  been 
attributed  either  to  the  plant's  slow  growth  rate 
(Bradshaw  and  Chadwick  1980)  or  to  soil  deficien¬ 
cies  of  nitrogen  and  phosphorus  (Palazzo  and  Gra¬ 
ham  1981).  Fertilization  of  poor  grass  stands  im¬ 
proves  vegetative  cover  (Palazzo  et  aL  1980,  Gaffney 
and  Dickerson  1987)  and  may  be  necessary  to  main¬ 
tain  stands  (Carlson  et  al.  1961).  Gaffney  and  Dick¬ 
erson  (1987)  related  the  poor  performance  of  cool- 
season  grasses  at  a  number  of  sand  and  borrow  pit 
sites  to  the  percentage  of  fines  in  the  soil;  better  per¬ 
formance  of  cool-season  grasses  was  observed  in 
soils  containing  greater  than  20%  fines. 

Wakefield  et  al.  (1974),  who  conducted  long-term 
studies  on  roadside  subsoils  in  Rhode  Island,  report¬ 
ed  that  the  best-performing  species  were  the  fine- 
leaved  fescues  (Festuca  sp.)  and  colonial  bentgrass 
( Agrostis  tenuis  Sibth.).  Tall  fescue  and  timothy 
( Phleum  pratense  L.)  had  difficulty  establishing  a 
stand.  Kentucky  bluegrass,  Canada  bluegrass  and 


perennial  ryegrass  did  not  persist.  Similar  observa¬ 
tions  have  been  made  in  Great  Britain  by  Bradshaw 
and  Chadwick  (1980),  who  recommended  red  fes¬ 
cue  ( Festuca  rubra  L.  ssp.  rubra)  and  colonial  bent- 
grass  for  revegetating  sand  heaps. 

The  objectives  of  this  study  were  to  evaluate  11 
cool-season  grasses  for  their  persistence  on  fill  ma¬ 
terial.  The  study  will  provide  information  needed 
for  selecting  plant  species  for  well-drained,  low- 
maintenance  areas  in  cool,  humid  climates. 

MATERIALS  AND  METHODS 

The  research  site  was  located  in  a  fill  area  of  the 
Franklin  Falls  Dam  in  Franklin,  N.H.  A  sandy  fill 
(11%  gravel,  61%  sand,  27%  silt  and  1%  clay)  with  a 
water-holding  capacity  of  20.8%  (Gardner  1986)  was 
used  to  construct  the  lower  level  of  the  dam.  Chem¬ 
ical  analysis  of  the  soil  (Liegel  and  Schulte  1977)  in¬ 
dicated  that  the  fill  had  a  pH  of  5.6  and  had  levels 
of  available  phosphorus  (157  kg  ha-1)  and  exchange¬ 
able  potassium  (224  kg  ha-1)  sufficient  for  grass 
growth. 

Following  grading,  the  site  was  disked  to  a  depth 
of  approximately  15  cm  to  smooth  the  soil  surface. 
Fertilizer  applied  at  a  rate  of  67  kg  ha-1  each  of  ni¬ 
trogen,  P205  and  K20  was  incorporated  5  cm  deep 
prior  to  seeding.  Seed  of  11  grasses  was  broadcast 
and  lightly  raked  into  the  fill  material  on  3  October 
1985.  Grasses  and  seeding  rates  (kg  ha-1)  used  were: 

•  Colonial  bentgrass  ( Agrostis  tenuis  Sibth.):  90 

•  Rebel  and  K-31  tall  fescues  ( Festuca  arundina- 
cea  Schreb.):  179 

•  Common  timothy  (Phleum  pratense  L.):  134 

•  Common  roughstalk  bluegrass  ( Poa  trivialis 
L.):  134 

•  Linn  and  Palmer  perennial  ryegrasses  (Lo- 
lium  perenne  L.):  179 


•  Common  and  Nassau  Kentucky  bluegrasses 
( Poa  pratensis  L.):  134 

•  Jamestown  chewings  fescue  (Festuca  rubra  L. 
ssp.  commutata  Gaud.):  179 

•  Common  Canada  bluegrass  ( Poa  compressa 
L.):  134. 

The  site  was  rolled  and  mulched  with  straw  at  a  rate 
of  2200  kg  ha-1.  Plots  (28.3  m2)  were  arranged  in  a 
randomized  split-plot  design  with  four  replicates. 
On  19  June  1986,  half  of  each  plot  was  refertilized  at 
rates  of  90  kg  ha-1  each  of  nitrogen,  P2Os  and  K20. 
In  August  1986,  Rebel  tall  fescue.  Palmer  perennial 
ryegrass,  Nassau  Kentucky  bluegrass  and 
Jamestown  chewings  fescue  were  sampled  for  nu¬ 
trient  analysis  from  the  fertilized  and  unfertilized 
plots  (Martin  and  Matocha  1973). 

Preliminary  observations  were  made  on  20  No¬ 
vember  1985, 14  April  1986  and  12  May  1986  to  eval¬ 
uate  species  establishment.  The  percent  soil  cover 
of  sown  species  was  rated  on  10  July  1986, 4  August 
1987, 28  July  1988  and  27  July  1989,  when  most  grass¬ 
es  were  fully  headed.  Visual  ratings  used  a  numeri¬ 
cal  scale  of  1  to  10,  with  10  representing  100%  vege¬ 
tative  cover. 

Plant  cover  ratings  for  the  individual  grass  es  were 
subjected  to  an  analysis  of  variance,  as  described  by 
the  statistical  program  MSTAT  (Michigan  State  Uni¬ 
versity  1987). 


RESULTS 

Early  observations  of  the  grasses  showed  that  all 
species  emerged  well  and  that  initial  establishment 
was  satisfactory  (data  not  shown).  The  best  early  soil 
coverage  was  obtained  with  the  two  perennial 
ryegrass  cultivars. 

Data  obtained  25  days  following  the  19  June  1986 
refertilization  of  half  of  each  experimental  plot 
showed  that  Canada  bluegrass,  K-31  tall  fescue, 
Nassau  Kentucky  bluegrass,  common  Kentucky 
bluegrass.  Palmer  perennial  ryegrass,  Linn  peren¬ 
nial  ryegrass  and  roughstalk  bluegrass  benefited 
appreciably  from  refertilization  (Fig.  1).  The  other 
four  grasses  had  higher  ratings  for  vegetative  cover 
but  did  not  respond  significantly  to  refertilization. 
The  1986  refertilization  benefit  carried  over  to  1987 
and  significantly  enhanced  the  stands  of  Canada 
bluegrass,  colonial  bentgrass,  K-31  tall  fescue,  Nas¬ 
sau  Kentucky  bluegrass  and  common  Kentucky 
bluegrass.  Mean  values  for  five  nutrient  elements 
contained  in  four  grass  species  showed  that  nutri¬ 
ents  were  not  a  limiting  factor  for  plant  growth  in 
either  fertility  situation  according  to  Martin  and  Ma¬ 


tocha  (1973).  Mean  levels  of  elements  analyzed  were: 
nitrogen,  1.96%;  phosphorus,  0.29%;  potassium, 
2.39%;  calcium,  0.41%;  magnesium,  0.15%;  and  sul¬ 
fur,  0.15%.  Refertilization  did,  however,  elicit  a  slight 
(but  not  statistically  significant)  increase  in  the  con¬ 
tents  of  the  elements  in  the  tissues  of  these  grasses. 

Observations  in  1988  and  1989  showed  that  the 
most  persistent  species  on  the  refertilized  plots  were 
Canada  bluegrass  and  Jamestown  chewings  fescue 
(Fig.  1).  Canada  bluegrass  benefited  significantly 
from  refertilization  through  1988,  and  the  advantage 
persisted  on  a  par  with  Jamestown  chewings  fes¬ 
cue,  which  had  a  good  stand  of  grass  even  without 
refertilization.  In  1989  the  vegetative  cover  rating  for 
Canada  bluegrass  was  the  same  for  both  fertilizer 
treatments  and  was  greater  than  any  other  species 
except  Jamestown  chewings  fescue.  Jamestown 
chewings  fescue  cover  was  not  improved  significant¬ 
ly  by  refertilization  (Fig.  1).  This  species  maintained 
high  ratings  throughout  the  first  three  years  of  the 
study  but  declined  during  1989. 

Colonial  bentgrass  persisted  in  the  plots  over  the 
initial  two  years,  and  its  performance  ratings  were 
the  best  of  the  grasses  on  the  refertilized  plots  in  1986 
and  1987  (Fig.  1).  After  1987,  performance  declined 
and  no  benefit  was  realized  from  refertilization.  Veg¬ 
etative  cover  ratings  of  all  species  tested  in  this  study 
other  than  Canada  biuegrass,  Jamestown  chewings 
fescue  and  colonial  bentgrass  declined  after  1986. 
The  decline  was  less  dramatic  when  refertilization 
was  practiced.  K-31  tall  fescue  and  the  Kentucky 
bluegrasses  exhibited  increased  persistence  for  up 
to  two  years  after  refertilization.  After  four  years, 
only  Canada  bluegrass  and  Jamestown  chewings 
fescue  had  ratings  greater  than  2.0,  regardless  of  fer¬ 
tilizer  treatment. 

For  three  species  (tall  fescue,  Kentucky  bluegrass 
and  perennial  rye),  standard  or  common  types  were 
compared  to  improved  turf-type  cultivars.  Since  rat¬ 
ings  in  the  non-refertilized  plots  were  never  greater 
than  5.0  after  1986  and  were  very  low  in  1989,  none 
of  these  six  grasses  can  be  recommended  for  long¬ 
term  cover  at  sites  having  these  soil  conditions.  Sig¬ 
nificant  differences  were  found  among  the  varieties 
of  tall  fescue  and  perennial  rye  when  they  were 
refertilized.  Palmer,  a  recently  developed  turf-type 
variety  of  perennial  rye,  had  higher  ratings  than 
Linn,  the  common  variety,  up  through  1987,  but  rat¬ 
ings  for  the  two  varieties  were  not  significantly  dif¬ 
ferent  in  1988  and  1989.  For  the  tall  fescues  the  re¬ 
verse  was  true,  with  the  older  variety  (K-31)  record¬ 
ing  higher  ratings  when  refertilized  than  its  more 
recent  counterpart  (Rebel). 

Visual  analysis  of  the  grasses  and  the  surround- 
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Figure  1.  Vegetative  ratings  of  sawn  cover.  Ratings  are  on  a  0-10  basis,  with  10  being  best  and  providing  100%  soil  caver. 
Means  within  raws  of  individual  species  and  varieties  followed  by  the  same  letter  are  not  significantly  different  at  the  0.05 
level  of  probability. 
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ing  native  vegetation  showed  that  the  vegetation 
suffered  from  water  stress  during  the  warm  sum¬ 
mer  months.  This  is  understandable  since  the  site 
was  located  on  an  elevated  plateau  of  fill  material 
with  a  very  low  water-holding  capacity. 

DISCUSSION 

The  differences  in  persistence  among  the  1 1  grass¬ 
es  studied  appeared  to  be  directly  related  to  the  low 
moisture-  and  nutrient-holding  capacities  of  the  fill 
soils  they  were  growing  on.  The  most  persistent  spe¬ 
cies  were  found  to  be  Canada  bluegrass  and  James¬ 
town  chewings  fescue.  These  species  had  the  high¬ 
est  cover  ratings  and  did  not  require  refertilization 
a  year  after  seeding  to  persist  on  this  site.  All  other 
species  required  refertilization  to  improve  rating 
scores  over  at  least  part  of  the  next  three  seasons. 

The  success  of  Jamestown  chewings  fescue,  a  fine- 
leaf  fescue,  in  other  substrates  has  been  reported  by 
Hopkins  and  Green  (1979)  in  grass  swards,  Palazzo 
(1983)  on  acidic  soils  and  Wakefield  et  al.  (1974)  on 
roadsides.  Gaffney  and  Dickerson  (1987)  stated  that 
sheeps  fescue  ( Festuca  ovirn  L.),  another  fine-leaf  fes¬ 
cue,  was  the  best  performer  of  six  cool-season  grass¬ 
es  tested  on  gravel  mine  sites. 

The  literature  reports  mixed  success  with  Cana¬ 
da  bluegrass.  Wakefield  et  al.  (1974)  reported  that  it 
had  poor  performance  in  their  studies.  In  contrast. 
Beard  (1973)  reported  that  this  species  tolerates  well- 
drained  sandy  soils. 

Refertilization,  in  general,  tended  to  increase  the 
persistence  of  the  tolerant  species  (Canada  bluegrass, 
Jamestown  chewings  fescue  and  Colonial  bentgrass) 
for  two  to  three  years.  With  the  less  tolerant  spe¬ 
cies,  increased  persistence  was  essentially  limited  to 
the  growing  season  following  refertilization.  After 
four  years  there  were  no  differences  in  the  persis¬ 
tence  of  all  species,  whether  or  not  they  were  refer¬ 
tilized  after  seeding.  The  need  for  nitrogen  to  main¬ 
tain  plant  growth  has  been  cited  by  Bloomfield  et 
al.  (1982).  They  reported  that  after-care  is  necessary 
for  a  minimum  of  five  years  to  build  up  enough 
nutrient  supply  to  produce  a  self-sustaining  soil- 
plant  ecosystem. 

The  results  of  this  study  showed  that  when  seed¬ 
ed  in  the  fall,  Jamestown  chewings  fescue  and  Can¬ 
ada  bluegrass  were  the  best  performers  of  the  cool- 
season  grasses  grown  on  soil  with  low  moisture-  and 
nutrient-holding  capacities  in  a  cool,  humid  climate. 
Canada  bluegrass  also  allowed  the  invasion  of  na¬ 
tive  species  into  its  stand.  When  refertilization  is 
practiced,  seed  mixtures  may  also  include  one  of  the 
two  varieties  of  tall  fescue  and  Kentucky  bluegrass 


studied.  Without  refertilization,  grass  persistence 
declined.  The  perennial  ryegrasses  established  plant 
stands  quicker  than  any  of  the  other  species  tested. 
This  is  well  known.  Although  perennial  ryegrasses 
do  not  persist  in  droughty  soils,  Wakefield  et  al. 
(1974)  and  Bradshaw  and  Chadwick  (1980)  recom¬ 
mended  that  they  be  included  in  seed  mixtures  be¬ 
cause  their  rapid  emergence  and  fast  development 
provide  early  protection  against  soil  erosion. 
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